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Abstract Over the past two decades seven non-indige-
nous vascular plant or arthropod species have established
reproducing populations at sub-Antarctic Marion Island
(46°54S, 37°55E). Here we record the eighth establish-
ment, a braconid wasp Aphidius matricariae Haliday,
which uses the aphid Rhopalosiphum padi (Linnaeus) as its
only host on the island. Molecular markers (18S rDNA and
mtCOI) support the conventional taxonomic identiWcation
and indicate that all individuals are characterized by a sin-
gle haplotype. Surveys around the island show that adult
abundance and the frequency of aphid parasitism are high-
est at Macaroni Bay on the east coast, and decline away
from this region to low or zero values elsewhere on the
coast. The South African research and supply vessel, the
SA Agulhas, regularly anchors at Macaroni Bay, and Aphi-
dius sp. have been collected from its galley hold. Current
abundance structure, low haplotype diversity, and the oper-
ating procedures of the SA Agulhas all suggest that the par-
asitoid was introduced to the island by humans. Regular
surveys indicate that this introduction took place between
April 2001 and April 2003, the latter being the Wrst month
when this species was detected. The wasp’s establishment
has signiWcantly added to trophic complexity on the island.
Low haplotype diversity suggests that propagule pressure is
of little consequence for insect introductions. Rather, single
or just a few individuals are probably suYcient for success-
ful establishment.
Introduction
Biological invasions and climate change are having consid-
erable impacts on the Southern Ocean islands. The former
have added substantially to species richness. In the process
they have had profound eVects on the populations of sev-
eral indigenous species and have substantially altered the
structure and functioning of local ecosystems (Chapuis
et al. 1994; Chown and Block 1997; Gremmen et al. 1998;
Bester et al. 2002; Le Roux et al. 2002; Gaston et al. 2003;
Frenot et al. 2005). Whilst climate change has had marked
eVects on indigenous species (e.g., Chown and Smith 1993;
Smith et al. 2001), one of its most pronounced realized and
predicted impacts is an interaction with biological inva-
sions. The impacts of invasive alien species already present
on the islands are mounting (reviewed in Bergstom and
Chown 1999; Frenot et al. 2005), and it has been suggested
that rising temperatures are likely to facilitate colonisation
and the subsequent spread of newly introduced species
(Kennedy 1995; Walther et al. 2002; Frenot et al. 2005).
Whether colonisation success has increased in recent
years is diYcult to determine because unsuccessful coloni-
sations typically go unrecorded (see also Williamson 1996).
For most of the Southern Ocean islands the time series of
observations is also too short to determine whether success-
ful colonisations have increased over time. Moreover, on
many of the islands the extent of human activity has
increased in step with ameliorating temperatures, making it
diYcult to disentangle the eVects of propagule pressure and
climate change (but see Chown et al. 2005). Nonetheless,
over several decades, repeated surveys on many islands
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1196 Polar Biol (2007) 30:1195–1201have been undertaken to ascertain the rates of recent coloni-
sation by new species and rates of range extension of alien
species (e.g., Chown and Language 1994; Gremmen and
Smith 1999; Frenot et al. 2001; Gaston et al. 2003; Turner
et al. 2006).
On the Prince Edward Islands, surveys of the larger Mar-
ion Island (46°54S, 37°55E) are typically undertaken on
an annual basis, though these are often restricted to com-
monly used areas such as the Weld station and Weld huts,
and to the main paths connecting these areas (Gremmen
and Smith 1999; Slabber and Chown 2002). Access to the
smaller island, Prince Edward, is strictly regulated by the
Prince Edward Islands Management Plan (Anonymous
1996), and in consequence surveys are less frequent, but
typically more spatially comprehensive (e.g., Ryan et al.
2003). Over the last two decades, surveys on Marion Island
have detected the colonisation and establishment of several
new plant and invertebrate species (Table 1). Here we
report the 8th successful colonization and establishment of
an invertebrate or plant species on Marion Island during
this period, and document the present range extent of this
aphid parasitoid.
Materials and methods
Although the scientiWc station at Marion Island has been
permanently occupied since 1947, regular, virtually annual
surveys for new invertebrate species have only been
undertaken since the early 1980s (CraVord et al. 1986;
Chown and Avenant 1992; Slabber and Chown 2002).
Since 2003 the intensity of surveys increased after the
detection of the isopod Porcellio scaber (Slabber and
Chown 2002). In the period 2003–May 2006, twice-yearly
surveys were undertaken around the island at Weld huts,
which are regularly spaced along the island’s c. 70 km
long coastline and in areas en route to them. During one of
these surveys (April 2003), several Xight-capable individ-
uals of a parasitoid wasp were collected from Poa cookii
tussocks and Poa annua sward growing on an overhang at
Boulders Beach just below the scientiWc station. Subse-
quent searches revealed additional individuals at Trypot
Beach and a single individual at Goodhope Bay some
16 km to the southwest of the station (Fig. 1). Additional
sampling was undertaken and individuals sent oV for
identiWcation in June 2004. At the same time, mummiWed
individuals of the aphid Rhopalosiphum padi (Linnaeus)
were observed in routinely collected samples. They were
dissected and the presence of wasp larvae, pupae and
newly eclosed (though not emerged) adults in mummiWed
aphids was conWrmed.
In April 2006, quantitative surveys were undertaken at
sites dominated by Poa cookii, one of the major hosts of
R. padi at Marion Island (CraVord et al. 1986). Poa cookii
tussock grasslands or large areas of P. cookii tend to be
restricted to the eastern side of the island in coastal areas
with considerable manuring (Smith et al. 2001), although
substantial patches of the grass can be found elsewhere. At
each site, three to Wve, 10 x 10 m quadrats in an area domi-
nated by P. cookii were selected at random and demarcated.
The quadrats were separated by at least 10 m and no more
than 100 m. The number of quadrats varied with patch size,
and only those patches in which three or more quadrats
could be placed at least 10 m apart were sampled. All
accessible P. cookii clumps within the site were sampled by
beating and all invertebrates collected into a sorting tray. In
the Weld, all aphid individuals (three species, all introduced,
viz., R. padi, Myzus ascalonicus and Macrosiphum euphor-
biae, occur on Marion Island, CraVord et al. 1986), were
collected using an aspirator and stored in labelled specimen
jars. Preliminary investigations of several hundred-aphid
individuals (including all three aphid species) showed that
only R. padi individuals are parasitized, and it was reason-
ably straightforward to recognize R. padi in the Weld (based
on CraVord et al. 1986, and on Blackman and Eastop 1974).
Where quadrats delivered fewer than 100 R. padi individu-
als, additional quadrats were surveyed and samples from
the low abundance quadrats were discarded. In the labora-
tory, all aphids were identiWed and all R. padi individuals
were preserved in 100% ethanol. Thereafter, the individuals
were dissected and the numbers of individuals that were
parasitized or had indications of parasitoid emergence were
Table 1 Plant and invertebrate species known to have colonized, or
to have colonized and established reproducing populations on Marion
Island since the mid 1980s
Species Reference
Colonized
Senecio sp. (Asteraceae) Gremmen and Smith (1999)
Sonchus sp. (Asteraceae) Gremmen and Smith (1999)
UnidentiWed woody shrub Chown and Convey (2007)
Established
Plants
Agrostis gigantea (Poaceae) Gremmen and Smith (1999)




Chown et al. (2002)
Calliphora vicina 
(Diptera, Calliphoridae)
Hänel et al. (1998)
Thysanoplusia orichalcea 
(Lepidoptera, Noctuidae)
Hänel et al. (1998)
Plutella xylostella 
(Lepidoptera, Plutellidae)
CraVord and Chown (1987)
Porcellio scaber 
(Crustacea, Porcellionidae)
Slabber and Chown (2002)123
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proportion of individuals that contained live parasitoids and
as the proportion of individuals that showed any sign
(including emergence) of parasitism. Adult abundance was
also estimated as the number of adult wasps per quadrat.
Frequency of parasitism and variation in adult abundance
was compared among sites using a generalised linear model
assuming a binomial distribution and using a logit link
function, and assuming a Poisson distribution and using a
log-link function, respectively.
Molecular data were used to verify the conventional
taxonomic identiWcation of the Aphidius species found on
Marion Island and to determine the number of haplotypes
of the species present on the island. In the case of spring-
tails introduced to the island, Myburgh et al. (2007), only
found single haplotypes for these species, by contrast with
the much more diverse indigenous species. They sug-
gested that colonisation by single haplotypes was likely
the norm for introduced species, owing to small founder
populations. Therefore, here the molecular data were also
used to investigate this hypothesis. The 18S rDNA was
ampliWed and sequenced using the primer pair NS12+ and
18S V4.lo1 as described in Sanchis et al. (2000). This
region was chosen since it represents one of the more var-
iable portions of the 18S rDNA. Sequences were aligned
and compared to those generated by Sanchis et al. (2000).
Both parsimony and maximum likelihood topologies were
constructed (the optimal evolutionary model was deter-
mined with Model test version 3.7; Posada and Crandall
1998), and conWdence in clusterings was generated
through 1,000 bootstrap replications. To document the
spatial distribution of genetic variation across Marion
Island, the mitochondrial cytochrome oxidase subunit I
(COI) gene was targeted for thirty-three wasps collected
from nine localities across the species’ distribution range
(Mixed Pickle Field Hut n = 2, Blue Petrel Bay n = 4, Long
Ridge n = 4, Ship’s Cove n = 4, Trypot Beach n = 4,
Macaroni Bay n = 4, Archway n = 3, Bullard Beach n = 4,
Kildalkey Bay n = 4) (see Fig. 1 for sampling locations).
For the COI ampliWcation, we used the primer combination
LCO1490 and HCO2198 as described by Folmer et al.
(1994).
Total genomic DNA was extracted using the DNeasy
Tissue Kit (Qiagen). Standard polymerase chain reactions
(PCR) were set up for both the 28S rDNA and the COI
gene. The temperature regime for all PCR reactions was
96°C for 2 min followed by 30 cycles of 96°C for 40 s,
42°C for 30 s and 72°C for 45 s. A Wnal extension cycle at
72°C for 5 min completed the reactions. Amplicons were
directly cycle sequenced using BigDye chemistry (version
3, Applied Biosystems). Unincorporated dye label was
removed by sephadex columns before the samples were run
on an ABI 3100 automated sequencer (Applied Biosys-
tems). Electropherograms were checked using Sequence
Navigator (Applied Biosystems, version 1.01), and aligned
by eye. The gene sequences were aligned with Clustal X
1.81 (Thompson et al. 1997), using the multiple alignment
mode. All alignments were checked by eye. Sequences
were submitted to GENBANK under accession numbers
EF077525–EF077526.
Results
Both conventional taxonomic assessments, based on adult
morphology, and molecular investigations based on 668
base pairs of the 18S rDNA, identiWed the parasitoid as
Aphidius matricariae Haliday (Hymenoptera, Braconidae).
For the molecular identiWcation both parsimony and maxi-
mum likelihood (optimal model of evolution: HKY + I
Fig. 1 Sampling locations 
around the coastal habitat of 
Marion Island. Graduated sym-
bols represent the frequency 
of aphids parasitized at each at 
of the sites. The meteorological 
station (triangular Xag) and 
Goodhope Bay are marked for 
reference only123
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similar topologies which clustered the Marion Island
Aphidius haplotype with A. matricariae (uncorrected
sequence distance between these taxa is 0.15% cf. §1%
between other recognized species). As was the case for the
Sanchis et al. (2000) study, the topologies received low
overall bootstrap support for nodes.
To investigate the spatial distribution of genetic varia-
tion, 651 base pairs of the COI gene were sequenced for
thirty-three specimens collected across their range on Mar-
ion Island (see Fig. 1). These COI characters were trans-
lated into 217 functional amino acids. No stop codons or
other irregularities were found conWrming the authenticity
of the sequences. The average AT-content for our data was
74.5%. The base frequency homogeneity test, as per-
formed in PAUP (SwoVord 2001), indicated no signiWcant
deviation across taxa (p = 1). A single haplotype charac-
terized all specimens, suggesting that the initial coloniza-
tion was made by very few individuals, or perhaps a single
female.
The quantitative surveys showed that some sites, espe-
cially to the north of Long Ridge, either had no individuals
present or the species was rare (Mixed Pickle Cove). By
contrast, south of Long Ridge, as far as Kildalkey Bay, par-
asitism frequency varied between 5 and 20%, and was espe-
cially high between Archway Bay and Trypot Beach, with
the highest frequencies at Macaroni Bay (Fig. 2. General-
ised linear model, 2 = 78.90, df = 10, p < 0.0001). The
same pattern was evident in adult abundance, although sig-
niWcant diVerences were found between fewer of the sites
(Fig. 2, Generalised linear model, 2 = 112.46, df = 10,
p < 0.0001).
Discussion
Prior to the 1980s, surveys at Marion Island for the arrival
of introduced plant and animal species were not conducted
routinely, although several species (at least 10 vascular
plant and 8 insect species) were known to have been intro-
duced and have established by that time (Gremmen 1981;
CraVord et al. 1986). Since the mid 1980s at least ten new
species have been observed to have colonized Marion
Island, of which seven have established populations that are
reproducing either sexually or asexually (Hänel et al. 1998;
Gremmen and Smith 1999; Chown et al. 2002; Slabber and
Chown 2002). This parasitoid wasp represents the eleventh
known colonist and eighth presently known species to have
established a reproducing population. Conventional, mor-
phological taxonomic assessment, conWrmed by molecular
sequence data for 18S rDNA, has recognized this species as
A. matricariae.
Aphidius matricariae is now a cosmopolitan species
having been introduced into several regions, such as the
Nearctic, and has been recorded from 81 countries (Yu
et al. 2005), including South Africa (Starý 1967). Approxi-
mately 115 species of aphid are used as hosts by A. matri-
cariae, and this parasitoid wasp has been used in several
biological control programmes to control pest aphid species
(Yu et al. 2005). The apparent restriction of A. matricariae
to a single host species on Marion Island, despite the pres-
ence of two other aphid species that are known hosts else-
where (Gillespie et al. 2002; Yu et al. 2005), suggests that
speciWc genotypes might be associated with speciWc host
species, and that only a few individuals probably colonized
Marion Island. In other parasitoids, evidence for genotype-
Fig. 2 Mean, minimum and 
maximum frequency of aphids 
parasitized (Wlled circle) and 
mean, minimum and maximum 
number of adult wasps collected 
(Wlled square) in a 10  x 10 m 
quadrat at each of the P. cookii 
sites sampled at Marion Island in 
April/May 2006 (n = 9 sites and 
33 samples). The connecting 
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Kankare et al. 2005).
Whilst A. matricariae may have been present on Marion
Island for some time prior to its detection, regular inverte-
brate monitoring surveys make it unlikely that the delay
between its initial colonisation and Wrst detection was large.
Therefore, it seems likely that this species arrived on the
island somewhere between April 2001 and April 2003.
Since its Wrst detection in April 2003, A. matricariae has
been found throughout much of the coastal habitat of Mar-
ion Island.
When a species is detected in a new and remote location,
establishing whether that species arrived as a consequence
of anthropogenic activities or natural dispersal is problem-
atic. In the case of highly mobile taxa, such as many small
Xying insects or various plant taxa, it is possible that intro-
duction may have occurred naturally, via long distance
wind dispersal (Gressitt 1956; Chown and Avenant 1992;
Muñoz et al. 2004). However, in the case of A. matricariae,
it seems likely that the species was introduced through
human endeavour for two major reasons. First, parasitism
frequency and adult densities of A. matricariae were high-
est at Macaroni Bay (Fig. 1), and declined away from this
site in either direction along the coast where appropriate
habitats are found. Although several models for the expan-
sion of the range of a colonizing species exist (Gaston
2003), the most typical is one where occupancy increases
Wrst, followed by a later increase in abundance at occupied
sites (Hengeveld 1989; Gaston 2003; see also Wilson et al.
2004). Presuming ideal environmental conditions through-
out the area and some dispersal limitation, this would result
in declines in abundance away from the site of Wrst coloni-
zation, at least during the initial stages of colonization.
Under such a model, Macaroni Bay would qualify as the
most likely point of entry for this species given high densi-
ties there. Additional circumstantial evidence bears out
this idea. The South African National Antarctic Programme
re-supply vessel, the SA Agulhas, typically lies at anchor
between 500 and 1,000 m south east of Macaroni Bay
(J. Klopper, personal communication, J.E. Lee, personal
observation). Whilst fresh fruit and vegetables are not
allowed onto the island under the Prince Edward Islands
Management Plan (Anonymous 1996), they are used on the
vessel and stored in large quantities in a galley hold that
opens via a hatch onto the poop deck. Moreover, Aphidius
sp. individuals have been collected from Xying insect traps
deployed on the ship (J.E. Lee, unpublished data). Second,
models of natural colonization of the island suggest that the
Kildalkey Bay area is the most likely entry point for natural
colonists (Chown and Avenant 1992). However densities of
the parasitoid were typically much lower at this site than at
Macaroni Bay, despite extensive P. cookii stands (Grem-
men 1981), and high densities of R. padi at the former site.
Finally, in the 33 specimens sequenced only one haplotype
was found. Low haplotype diversity is typical of introduced
species elsewhere (Tsutsui et al. 2000; Colautti et al. 2005;
Lindholm et al. 2005) and in the sub-Antarctic (Myburgh
et al. 2007), though it does not necessarily mean that natu-
ral colonization could not have taken place.
Assuming that Macaroni Bay was the Wrst and only site
of entry of A. matricariae, that its most distant locality is
Mixed Pickle Cove, 22.5 km from Macaroni Bay along the
coast, that dispersal has not been assisted by humans or
other animals, and that dispersal has taken place at a uni-
form rate, A. matricariae has dispersed at a rate of 20 m per
day since its Wrst reported sighting. This rate of dispersal is
equivalent to that seen in other small parasitoid species
(e.g., Langhof et al. 2005).
Irrespective of the precise route of introduction, A.
matricariae has successfully established an extensive popu-
lation from what is likely to have been a small founder
event, possibly consisting of a single gravid female. Small
founder populations are known to have established success-
fully on other oceanic islands (see Gaston et al. 2003 for
discussion), suggesting that propagule pressure (reviewed
in Lockwood et al. 2005), is unlikely to be a major correlate
of invasion in taxa such as small invertebrates. In conse-
quence, if prevention of ongoing invasions, as is required
by the Prince Edward Islands Management Plan (Anony-
mous 1996), and as is accepted as good practise for the
region (Frenot et al. 2005), is to be eVective, a reduction of
propagule pressure will be insuYcient. Rather, propagule
pressure from small invertebrates has to be reduced to zero.
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